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1. INTRODUCTION 


In a previous report, Klopcic, Starks, and Walbert (1992) developed the process structure, or 
taxonomy, for vulnerability/lethality (VL) analysis. More recently, Walbert, Roach, and Burdeshaw (1993) 
have refined this process and extended its application to areas outside the realm of VL analysis (Roach 
1993). This process structure is an attempt to bring mathematical formalism to VL analysis, to make the 
process appear less of a black art and place it on a more scientific foundation. A key point of the 
mathematics in the process structure is the basis it will provide for future work. The observation that VL 
analysis can be thought of as a series of mappings between spaces at various levels or stages of the 
process was first made by Deitz and Ozolins (1989). The use of the terms spaces and mappings was 
without any connection to the mathematical formalism associated with them. This report will develop the 
mathematics of the VL process structure, demonstrating that at each level, one can, in fact, define closed, 
metrizable vector spaces. There are, in general, many metrics which can be defined on a given metric 
space. In this paper, one metric is presented, and several examples of its use are illustrated. It is not 
claimed that this metric is the best or the most appropriate one; the purpose here is simply to show that 
such metrics exist and how they might be used. It will also be shown that the metrics defined on each 
of the spaces impose a suitable topology so that the mappings between the spaces can be made continuous. 
Finally, applications will be considered which demonstrate the utility of this mathematical formalism in 
solving some classical VL analysis problems. 

2. BACKGROUND 

We begin with a review of the VL process structure, in the context of classical vulnerability analysis. 
VL analysis is the process of determining the effectiveness of a given weapon (the threat) on a combat 
system (the target). There are two parts to this process: determining the effect of the threat on the 
capability of the target, and determining the combat significance of the reduced target capability. 
Beginning with the first instant of influence of the threat on the target, the target passes through a series 
of damage conditions leading to a final state of (possibly) degraded capability. Empirically, these stages 
of degradation are monitored at three points: 1) the initial conditions at first instant of threat/target 
interaction; 2) the level of damage done to the target when all primary (if not secondary) influence of the 
threat is complete; and 3) the remaining capabilities of the target (such as speed, accuracy, etc.) after all 
threat influence is complete. One can postulate the existence of mappings from the first stage to the 
second, and from the second stage to the third. The first part of the classical VL analysis problem is to 


1 


model the concatenated mappings for a given threat/target combination to determine the effects of the 
threat on the target. 


The basic assumptions and definitions given in Klopcic, Starks, and Walbert (1992) are: 


Assumption 1) There are three levels of information making up the VL analysis universe; 
these levels represent the state of the threat/target system at three (possibly 
overlapping) time intervals. Spaces can be defined at each of these levels. 

Assumption 2) The physically realizable points in each of the spaces are observable 
and/or measurable. 

Assumption 3) The points in each space are vectors, consisting of one or more elements. 

Assumption 4) Mappings exist from each level to the next, and from a space at 
each level to a corresponding space at the next level. 


Under these assumptions, one can write: 


Definition 1: 1) VL Space 1, or VL1, is the set of all possible initial conditions for 

target/munition interaction. 

2) VL Space 2, or VL2, is the set of all possible target component 
damage vectors. 

3) VL Space 3, or VL3, is the set of all possible system capability 
degradation vectors. 

Definition 2: The dimension of a space is the number of elements in a vector (point) 

in that space. 


Definition 3: The cardinality of a space is the number of vectors (points) in that 

space. 


Definition 4: The mapping from VL1 to VL2 is denoted by 012; similarly, the 

mapping from VL2 to VL3 is denoted by 023. 


(We note that the current work will demonstrate the mathematical propriety of the terms "vector" and 
"space.") 

In the more traditional VL analyses, one proceeds beyond level 3 to measures of effectiveness 
(MOEs), such as mobility kill or firepower kill. These MOEs will be said to be at level 4, and, since 
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level 4 represents quantities which are neither measurable nor observable, no attempt will be made here 
to impose any mathematical structure on it. Moreover, since any attempt to infer combat utility by going 
from level 3 to level 4 requires the introduction of terrain features, scenario, doctrine and tactics, such 
work is beyond the scope of the traditional VL analyst. There is, however, a considerable effort underway 
within the vulnerability community to help develop the mappings from level 3 to level 4 in a manner 
which satisfies user requirements and uses newer and analytically more powerful metrics. 

As a direct result of the inability of lumped-parameter and point-burst type deterministic vulnerability 
models to describe adequately the results of live fire tests on the Bradley Fighting Vehicle and the Abrams 
Tank, the Ballistic Research Laboratory (BRL) developed a stochastic methodology within the point-burst 
modeling framework (Deitz and Ozolins 1989) to enable the analytical process to begin to account for the 
numerous variabilities inherent in the physical processes during threat/target interaction, as well as in the 
collection and interpretation of damage data. Such variabilities include nonhomogeneities in armors and 
their resulting erosion and/or fracture properties, differences in target components or locations from those 
depicted in the computer description, operating conditions (resulting in different leakage rates of fluids 
from broken hoses or tanks), measurement errors, and numerous others, known and unknown. The 
introduction of stochastic modeling concepts has provided the VL analyst with the means for estimating 
the likelihood of occurrence of a particular live fire event, assuming the constitutive elements for the 
formulation of the mappings 012 and 023 are known. In effect, conducting numerous repetitions of the 
same live fire shot in the computer, using assumed or measured distributions for the above variabilities, 
generates a distribution of resulting damage and/or remaining capability. The result of a particular test 
event may then be compared with its expected distribution as inferred from the modeling process. The 
ultimate goal is to use the analytical models to replace most, if not all, of the costly live fire tests. 

One of the greatest difficulties in this process (aside from the problems of determining distributions 
for the operant variabilities and determining whether a particular test event "belongs to" a given 
distribution of outcomes) is in determining the constitutive elements of the 012 and 023 mappings. On 
a fundamental level, 012 deals with physics, and 023 deals with engineering; that is, 012 describes how 
the threat causes damage to the target, and 023 describes how that damage degrades the capabilities of 
the target. There may be a definite, observable synergism between damage mechanisms (blast and 
fragment impact, for example) which precludes treating them as independent. The same is true of the 
capability degradation process, determined by the synergism among target system components (e.g., a 
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shorted wire in a mobility-related component causes a power supply to bum out, resulting in a firepower 
loss). 

As an example of the 023 mapping process, the Degraded States Vulnerability Methodology (DSVM) 
(Starks 1991; Abell, Roach, and Starks 1989) for an armored fighting vehicle can describe the vehicle’s 
performance degradation in terms of a six-element vector (Mobility, Firepower, Acquisition, Crew, 
Communications, Ammunition). Each of these elements is termed a capability category, and each 
capability category is represented by a capability level which defines a particular performance degradation 
(i.e., reduced speed, reduced accuracy, etc.). Included within a capability category are levels representing 
all possible combinations of degradation that could occur simultaneously, as well as a "no degradation" 
level. These two properties of the capability category make the levels within a category both mutually 
exclusive and exhaustive. This point will be quite significant in what follows. For any set of components, 
one, and only one, capability level will be achieved within each capability category. This combination 
of six capability levels, one from each category, represents the degraded state of the vehicle. Obviously, 
one is not restricted to six capability categories; the number depends on the combat system and its 
required capabilities. Moreover, there is no methodological restriction to discrete levels within each 
category; the levels could form a continuum. This methodology provides a more robust set of measures 
when compared to the traditional Damage Assessment List (DAL) measures which provide only a single 
loss of function (LOF) value for both mobility and firepower. In the terminology of the process structure, 
the DAL measures are a mapping from level 2 directly to level 4, without regard to the intermediate level. 
Starks (1991) has shown the dangers inherent in skipping over levels. 

3. THE VULNERABILITY SPACES AS VECTOR SPACES 

This section will show that it is possible to define vector spaces, in the fonnal mathematical sense, 
at levels 1-3 of the VL process structure. It will be seen that there could be a number of different vector 
spaces defined at each level for a particular VL problem, and that the vector spaces at each level will 
differ from one VL problem to another. To this end, some preliminary discussion will be useful. 

The goal of introducing formalism into the VL process structure is to apply the mathematics to the 
solution of a variety of problems and develop new VL measures more consistent with current modeling 
and analysis requirements. While a great deal of information is required to conduct a VL analysis, such 
as geometric target descriptions, it is certainly not reasonable to attempt to include everything in a vector 
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space. We therefore chose to consider the vector spaces "in the context" of a particular problem or class 
of problems. For example, if we are interested in problems concerning kinetic energy projectiles against 
tanks, then target geometry, penetrator (nonkinematic) characteristics, and a wealth of other information 
comprises the context of the problem. The point is, without the "context," a particular vector space which 
we define is not likely to characterize the problem uniquely; there is no reason why it should. 

It might be appropriate to consider an analogous example. In the simple mass-spring system with 
damping, given by 


mx" + ex' + kx =0, with x'(0) = A and x(0) = B, 

where' denotes differentiation, we could consider two spaces and a mapping from one space to the other 
as follows. Let level 1 consist of 5-tuples of the form 

{m,c,k,A,B}. 

Now, these 5-tuples of real numbers do not specify, uniquely, any physical problem unless we are 
given the context: mass spring system as above. The governing differential equation itself is a mapping 
which takes the points at level 1 and maps them into points (solutions) at level 2. If the solution to the 
differential equation is written as 


x(t) = C * exp(-bt) * sin(ut + d), 
then points (4-tuples) at level 2 are given by 


{C,b,u,d}. 

Again, in the context of the problem (the form of the solution of the given class of differential 
equations), the four numbers which comprise the elements of the 4-tuple at level 2 are sufficient to 
describe that solution. It should be fairly evident to the reader that one could define vector spaces at each 
level from these n-tuples of numbers. These vector spaces do not contain all the information necessary 
to solve the problems (absent are such things as the rules of algebra and differential calculus), but the 
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information is nevertheless sufficient to answer questions such as "How close is one mass-spring system 
to another?" or, "How close is one solution of the differential equation to another?" 


Returning to the VL analysis problem, the threat/target combination may be thought of as a system, 
and the process of threat/target interaction as states through which the system passes. These states are 
time-varying, and the process is stochastic. It is thus seen as important to have time as an element of each 
point at each level. More will be said about this shortly, but for now, let Tl, T2, and T3 denote the times 
at which information is being considered at levels 1, 2, and 3, respectively. We begin with a discussion 
of what the points at each level might look like. In particular, suppose we are concerned with a kinetic 
energy threat against a specific target Let the threat spacial coordinates be x,y,z, and let the target spacial 
coordinates be u,v,w. If ' denotes differentiation with respect to time t, then a point at level 1, for 
example, might be given by 


(x,y,z,x',y , ,z , ,x'',yV,u,v,w,u',v',w',u'',v",w'',Tl). 


The coordinates u,v,w refer to a fixed point on the target to which the target geometry is referenced. 
The threat coordinates may themselves be arrays referring to the various damage mechanisms from the 
threat; the same may be true of the target coordinates if the target is an array of equipment. 


The number and type of primary damage mechanisms produced by the threat and the number and type 
of target(s) determine the form of the elements of VL1. A primary damage mechanism is one which is 
a property of the threat at time Tl. For example, the kinetic energy of a penetrator or fragments is a 
primary mechanism, as is blast. Fire is not a primary damage mechanism by this definition, unless, of 
course, the threat is a flame weapon. If the threat produces a set of, say, k fragments, then the x, y, and 
z elements above are themselves arrays like 


x = {xl,x2,x3,...,xk} 


y = {yl,y2,y3,...,yk} 


z = {zl,z2,z3,...,zk}. 
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as are the corresponding velocities and accelerations. If blast is a primary damage mechanism, then 
elements of the corresponding points in VL1 also contain the position coordinates of a (specified) point 
or points on the blast wave. These examples illustrate clearly the need for specifying the time Tl, since 
it is highly unlikely that all k fragments and the blast from a fragmentation munition would arrive at a 
point of influence on the target simultaneously. It should also be noted that the "target" may be in several 
locations, as is the case of considering a howitzer together with its resupply vehicle, or all howitzers in 
a battery. For simplicity in the current exposition, it suffices to assume the threat to be but a single, 
nonfragmenting object possessing kinetic energy as its only damage mechanism, and the target to be a 
single item. In general, any property of the threat/target system which can be described by a number or 
a set of numbers (i.e., quantified) could be included in the elements of points in VL1. 

For a given threat/target combination, the desired level of detail for conducting a particular VL 
analysis dictates such parameters as the number and size of the components included in the geometric 
target description and how these components are to be grouped, or lumped, together. In the 
lumped-parameter Compartment Model (Nail, Beardon, and Jackson 1979), for example, all components 
in the engine compartment are treated as one generalized component, the same size as the entire 
compartment. A more detailed point-burst model may contain all fuel and oil lines, electrical wires, and 
detail at that level in a precise geometric description. Once the desired level of detail is determined, the 
n-tuples in VL2 consist of real numbers, the values of which represent a level of dysfunction of these 
components in all possible post-shot states at the chosen time T2. For example, if the component is a 
hydraulic line with a hole in it, the element of the n-tuple corresponding to the hydraulic line might be 
the ratio of the fluid pressure capacity of the damaged line to the original capacity. Thus, if the levels 
of dysfunction of a target’s k components are denoted by cl, c2,.... then a point in VL2 might look like 

(cl,c2,c3,...,ck,T2). 

VL3 is concerned with target capability, so that, in this case, the points are n-tuples of values of 
subsystem capabilities or functions, such as speed or main gun accuracy. The DSVM, described earlier, 
might map the points in VL2 into points which might look like 

(Level of ability to Move, Level of ability to Function, 

Level of ability to Communicate, T3.) 
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For example, if one subsystem capability is top speed, and the target system is measured as having 
only 30% of its pre-shot capability, then the element in the VL3 n-tuple corresponding to top speed is 0.3. 
Note that this value has an implicit dependence on the pre-shot capability of the target; the elements of 
the n-tuples in VL3 are measurable quantities. It is also important to note that these pre- and post-shot 
capabilities imply measurement against a standard-in this case, a speed standard. Such standards do not 
relate to any particular mission profile or battlefield condition to which the target may be subject. Rather, 
the standards are based on inherent expectations for the target, such as a top speed of x Km/hr on a paved 
level road. In this way, VL3 is kept independent of the notion of battlefield utility, wherein one would 
ask whether a 70% reduction in mobility has any effect on the ability of the target to carry out a particular 
mission. This is the distinction between levels 1-3 and level 4. Analytically, if one were to evaluate the 
elements, or capability categories, of vectors in VL3 at any time prior to Tl, these capabilities would be 
the baseline, or pre-shot, capabilities of the target. 

In the context of mathematical vector spaces, it will be important to consider the independence of the 
elements of each n-tuple at each level. While the examples given for level 1 and level 2 have rather 
obviously independent elements, it is less obvious that the elements (or capability categories) at level 3 
are independent of one another. Indeed, some component capabilities may be represented more than once 
in VL3, as implicit parts of several subsystem capabilities. For example, a battery might be a part of the 
ability to communicate as well as to move. This fact does not affect the independence of movement and 
communication, however. The test is whether one must be able to move in order to be able to 
communicate. While it has been stated that the capability levels within each category of a DSVM analysis 
can be made mutually exclusive and exhaustive, it is a more difficult problem to ensure that the categories 
themselves cover all requisite system capabilities in a mutually exclusive (mutually independent) manner. 
For the purpose of this discussion, we will assume the elements of the VL3 n-tuples to satisfy these 
criteria. 

Note also that the choices of the times Tl, T2, and T3 are somewhat arbitrary. For example, in most 
cases, Tl would be taken as the instant of "initial" influence of the threat on the target. But in the case 
of a fuel-air explosive munition, it may be more desirable to use, as Tl, that instant when peak cloud 
pressure is reached. T2 is generally chosen as that first time after which all elements of the damage 
mechanism coordinates x,y,z have zero velocity. While such choice of T2 is relatively simple in a 
computer simulation, safety and other concerns usually dictate that empirical choices of T2 occur 
somewhat later than this. Moreover, since the process of damage assessment is not accomplished 


8 








instantaneously, the empirical value of T2 is really an interval. Similarly, T3 might be chosen as that time 
when all secondary influence of the threat has ceased; that is, all leaks induced by the threat munition have 
stopped, as have similar secondary effects. Of course, some of the effects may not appear until the target 
system is "exercised," and some may be aggravated by exercising the target, so that, just as for T2, the 
empirical value of T3 is really a time interval, during which the target state continues to vary. This time 
"smearing" is one factor which may impede comparison of empirical data with model output; it may be 
considered as measurement error. 

The choice of the value of the dimension n for each of the three VL sets for a particular VL analysis 
problem clearly depends on the threat and target complexity and the desired/required level of accuracy of 
the analysis. It must also be noted that the complexity of the VL analysis problem grows exponentially 
with the value of n, as will be seen shortly. As the points in VL1, VL2, and VL3 have been defined, they 
are n-tuples (where n may be different at each level) of real numbers and, as such, look like vectors in 
standard Cartesian n-space. We will exploit this fact in what follows. 

A bit more background discussion is necessary before stating and proving the main result of this 
section. In particular, it is clear that we will need to include in the spaces at each level such entities as 
"zero vectors," "additive inverses" (e.g., vectors, the elements of which are negative numbers), and notions 
of addition, subtraction, and scalar multiplication. Perhaps surprisingly, most, if not all, of these requisite 
features are present, in a physically realizable sense, in the VL process structure and its extensions. 

Since the vectors representing "all damage mechanisms are at the origin of coordinates, with zero 
velocity and acceleration at time t=0," "all components have zero dysfunction," and "all subsystems have 
zero capability loss" are clearly members of the sets VL1, VL2, and VL3, respectively, then the sets VL1, 
VL2, and VL3 contain the zero vectors. That is, each VL set contains a vector each element of which 
is zero. Addition and subtraction of the elements within each of the VL sets may be defined in the usual 
way: 


and 


(x,y,z) + (u,v,w) = ((x+u),(y+v),(z+w)) 
(x,y,z) - (u,v,w) = ((x-u),(y-v),(z-w)), 
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for example. No attempt will be made here to attach meaning to the sum of two vectors at any level; it 
will be important to do so in the development of new metrics, especially at level 3, however (see, for 
example, Walbert and Roach [to be published]). 

An important question to ask is whether the sum of two vectors in one of the VL sets is a vector in 
that VL set (the property of closure under addition). An equally important question is what is meant by 
the quantity (x-u), above, if x-u < 0, in any of the VL spaces, or by (x+u) if (x+u) > 1, in VL2 or VL3. 
The goal, clearly, is to establish the VL sets as proper vector subspaces of their respective Cartesian 
spaces, allowing VL analysis to take advantage of the power of vector-space mathematics. In VL1, 
negative position coordinates pose no problem; velocities might be negative relative to some frame of 
reference for the problem other than the threat or the target; negative accelerations might represent a threat 
which is slowing down relative to the target Time zero is entirely arbitrary and might be chosen, for a 
particular problem, to be four days after the threat impacts the target, so the time elements in VL1, VL2, 
and VL3 would all be negative. The least obvious explanations are for dysfunction values at level 2, 
which are greater than 100% or less than zero, and at level 3, for capability levels greater than 100% or 
less than zero. 

There are several ways to view this problem. One could simply introduce the vectors whose elements 
are negative numbers as an artifice to achieve the end goal and allow the 02,3 mapping to treat 
dysfunction values less than zero as zero, and dysfunction numbers greater than 100% as 100%. Similarly, 
an 03,4 mapping could consider capability values less than zero as zero and capability values greater than 
100% as 100%. This is a very simple and straightforward, though somewhat artificial, way to resolve the 
dilemma. There is ample precedence for such solutions, with rather powerful consequences. The most 
obvious example is the development of complex numbers to provide solutions to relatively simple 
algebraic equations such as (x**2) +1=0. 

Another way to view the problem, and one which is considerably more satisfying from a vulnerability 
analyst’s point of view, is provided by the Battle Damage Repair (BDR) Methodology developed by 
Roach (1993). First, consider the n-tuples in VL2, the elements of which are negative numbers, to 
represent "repair strategies." That is, these n-tuples represent levels of functionality which can be restored 
to the set of dysfunctional components by repairing or replacing the damaged parts. Similarly, in VL3, 
the n-tuples with negative elements are the images, under the 02,3 mapping, of the repair strategies in 
VL2. They represent those capabilities which can be restored via certain repair strategies. It remains to 
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consider the significance of dysfunction values or capability values greater than 100%. These n-tuples 
are also significant in terms of BDR. In particular, take an example in VL2 of a hydraulic line, and 
suppose one wished to sum the two vectors in VL2 with elements 0.5 and 0.75 corresponding to two 
possible states of damage to the hydraulic line. (In this case, we have normalized the dysfunction values 
to the range [-1,1].) This sum might be taken to look at the result of two shots against the line, or of two 
fragments from the same shot impacting the line. The sum vector would have a value of 1.25, a number 
clearly not physically realizable (measurable and/or observable) in this case. (In truth of fact, the number 
0.95 should cause just as much concern for the hydraulic line as a number like 1.25, since a line which 
is 95% dysfunctional is unlikely to be supporting sufficient fluid pressure to perform its function. That 
is, 0.95 may also be physically unrealizable in the sense that such a component capability level is virtually 
indistinguishable from a total loss of capability.) In any event, the dysfunction value of 1.25, under the 
BDR methodology, represents a hydraulic line which requires more repair than one with a dysfunction 
value of 1.0. For example, a single hole (dysfunction value 0.75 or 0.50) might be repairable by one 
patch requiring 60 min total repair time. Two holes (dysfunction value 1.25) might require 75 min (25% 
more) repair time (the repair kit is on site, and the hydraulic line is exposed for repair, so repairing the 
second hole doesn’t double the time required to repair the first hole). Thus, a component exhibiting 
greater than 100% dysfunction is simply considered to be completely nonfunctioning; the 02,3 operator 
will map such component dysfunction values into points in the capability space reflecting the fact that 
more than one simple repair is required to restore full capability. (The author is indebted to Dr. Michael 
W. Staiks, who first suggested this in a private communication.) 

The manner in which the n-tuples have been defined makes interpretation of scalar multiplication quite 
straightforward (double all damage, halve all capability, for example). 

Finally, we reproduce here the formal definitions of vectors and vector spaces (see Greenberg 1978, 
for example): 

Definition 1: A vector is a directed magnitude. 

Definition 2: A set V of vectors is a (linear) vector space if the following are true. 

1) Addition (denoted by +) is defined between any two vectors in V such that if 
x and y are in V, so is x + y. (V is said to be closed under 
additioa) Also, x + y = y + x (addition is commutative), and 
(x + y) + z = x + (y + z) (addition is associative). 
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2) V contains a vector O (the zero vector) such that x + O = x, for each x in V. 


3) For each x in V, there is a vector -x such that x + (-x) = O. 

4) Scalar multiplication is defined between any vector in V and any scalar such 
that if x is in V and A is any scalar, then Ax is in V. (V is closed 

under scalar multiplication.) Also, 


A(Bx) = (AB)x 
(A + B)x = Ax + Bx 
A(x + y) = Ax + Ay 
lx = x, and 
Ox = 0. 


With this background information, it is now possible to state and prove the main result of this section: 

Theorem: Vector spaces can be defined at each level of the VL process structure. 

Proof: The basic elements of the proof have been given in the foregoing discussion. First, since the 
n-tuples of real numbers which are the points at each level are clearly points in Cartesian n-space, they 
can certainly be considered as vectors. Addition of two vectors has been defined, and significance has 
been given to vectors with element values outside the usual range, so that closure under addition is 
satisfied. It is well known that element-wise addition is commutative and associative, so condition 1) of 
definition 2 is satisfied. We have shown that zero vectors exist, so condition 2) of definition 2 is satisfied. 
The notion of repair strategies provides the additive inverses to satisfy condition 3) of definition 2. 
Finally, the requirements for scalar multiplication are trivially satisfied, so we conclude the theorem to be 
true. 

It should be noted that while varying degrees of component dysfunction are easily imagined, so that 
any vector in a space at level 2 is "reasonable," it could very well be true that no conventional threat 
weapon could cause a particular damage vector. For example, a component buried inside a number of 
other components could not possibly be the only component "damaged" by fragments; the fragments 
couldn’t reach it without damaging other components along the way. That buried component could, 
however, suffer a dysfunction due to a reliability failure. Hence, in the broader context of extensions to 
the process structure (see Roach [1993]), most, if not all, vectors defined in the spaces are physically 
realizable. 
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4. THE VULNERABILITY SPACES AS METRIC SPACES 

One of the more desirable features of using a vector space for VL analysis is that of the distance 
between two vectors, especially if one is an empirically determined value and the other is analytically 
determined. In this case, of course, the distance between the two vectors may be an answer to the 
question of how well one has modeled the process. Although the full discussion of distances (or norms) 
in the spaces will be given shortly, it is important to realize that there are many norms definable on a 
given vector space. No mention has been made of any specific order in which the elements are to appear 
in the vectors, nor has anything been said about the relative importance of one component versus another. 
These concepts will play a role in determining an appropriate norm for a given VL space, as the following 
example demonstrates. 

Suppose a certain experiment is performed in which a single damage mechanism (fragment) perforates 
an armor plate, ricochets off the edge of component No. 1, and lodges finally in component No. 2. 
Suppose further that the ricochet leaves component No. 1 undamaged. An analytical model of the 
experiment is run, with resulting output of plate perforation, ricocheting off component No. 3 (slightly 
damaging it), and finally lodging in component No. 2. How close was the model to the experiment? 
Suppose the model has the capability of using Monte Carlo techniques and is run a second time, with the 
result that the armor is perforated, and the fragment this time misses components No. 1 and No. 3, lodging 
in component No. 2 directly. Was this result "closer" to the experiment than the first model run, or not? 
Suppose component No. 2 happens to be sensitive ammunition, and the fragment impact in the experiment 
resulted in a catastrophic loss of the entire target. Are all three results equivalent? What if it took longer 
for the fragment to ricochet off components 1 or 3 than it did for the fragment to enter component No. 
2 directly? That is, the catastrophic event for the second model run occurred at a different time T2 than 
either the experiment or the first model run. Does this mean it cannot be compared to vectors from a 
different T2? It should be quite clear that norms will play an important role in VL analysis and that the 
usual "distance function" in Cartesian space is not a useful one in the current context. 

Nevertheless, it is quite clear from the discussion in the previous section that the usual root-sum-square 
Cartesian norm provides one example of a metric for each of the VL spaces, thereby demonstrating that 
they are indeed metrizable vector spaces. In particular, let X be any vector in any VL space, 

X = (xl,x2,x3,...,xn,t), 
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and define the norm of X, IIXII, by 

IIXII = SQT{(xl)**2 + (x2)**2 + ... + (xn)**2 + t**2}. 

This norm gives each n-tuple in the spaces a length. Each n-tuple has a direction uniquely defined 
by its direction cosines, DCi, 

DCi = Xi/lIXII, i=U,...ji. 

Thus, each n-tuple in each VL space is indeed a vector. Finally, since Z=X-Y is in the VL space if 
X and Y are, then one defines the distance between X and Y as the norm of Z. This function clearly 
defines a metric on the VL space. 

It is worth reiterating that it is not claimed that the usual Cartesian metric presented here will be useful 
in the solution of VL analysis problems. The goal here is simply to demonstrate that the VL spaces are 
metrizable vector spaces; this has been done. It must also be noted that no attempt has been made to 
reconcile the physical units of this metric. Summing the squares of position, velocity, acceleration, etc. 
values is unlikely to represent some physically significant quantity. 

5. THE CONTINUITY OF THE MAPPINGS BETWEEN SPACES 

Let us next consider the mappings from a space at one level to a space at another level. 
Fundamentally, the points in the spaces are determined by system design and construction, and by weapon 
delivery parameters. The mappings are characterized by empirical or theoretical relationships such as 
penetration algorithms, fracture mechanics, etc., in the case of the 012 mapping, or engineering analysis, 
for example, for the 023 mapping. 

There is variability observed in penetration data, in the fracture mechanics of spall formation, and in 
other parameters associated with threat/target interaction. Whether this variability is a function of a lack 
of understanding of the physical mechanisms by which damage occurs, the inability to measure accurately 
the appropriate parameters, or something fundamental a la Heisenberg, is moot. What is important is to 
realize that this variability is a characteristic of the mapping function, not its domain or range space; that 
is, two applications of a mapping function to the same point in its domain may result in two different 
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image points in its range. The same comments may be made about observed variability in engineering 
performance. Engines with "identical” leaks of coolant may take different amounts of time to seize, for 
example. Again, this variability is a characteristic of the mapping, and not of the spaces. As has been 
stated elsewhere, there is also some variability introduced by the time smearing involved in the damage 
assessment process. 

Repeated applications of 012 from the same point in VL1 can provide an indication of the likelihood 
that a certain damage state vector in VL2 will occur from a given set of threat/target initial conditions in 
VL1. Similarly, repeated applications of 023 can be used to generate likelihood estimates for achieving 
particular capability states. These likelihoods, from which probabilities may be inferred, are associated 
with each point of a range space at level n by the mapping O from level n-1 to level n. If the mapping 
is changed due to addition or deletion of "knowledge," then the associated likelihoods, or frequencies of 
occurrence, will also change; the points in the domain and range spaces are unaffected. 

With the introduction of metrics in each of the spaces, the concept of continuity of the mappings is 
straightforward. The mapping O, from space VA to space VB, is continuous if, given e>0, there is a d>0 
such that 


IIO(x) - 0(y)ll < e whenever llx - yll < d, 

for every pair of points (vectors) x and y in VA. The value of the concept of continuity in the context 
of VL analysis is, of course, the ability to formalize the notions that "initial conditions which are ‘close’ 
produce damage states which are ‘close’," and "damage states which are ‘close’ produce capability states 
which are ‘close’." In addition, it may be possible to use the wealth of knowledge concerning 
approximation of continuous functions to measure the degree to which an approximation to 012 or 023 
reflects reality. 

6. APPLICATIONS TO VULNERABILITY ANALYSIS PROBLEMS 

In this section, we consider several classes of problems for which the VL process structure, and 
specifically the associated mathematics, provides new insights and solution techniques. The examples here 
are intended to serve as thought pieces, and are not fully developed analytical techniques. Throughout 
these examples, reference is made to comparing vulnerabilities or lethalities without specifying at which 
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level or levels it is most appropriate to make that comparison. For the most part, the author believes it 
is important to compare vulnerabilities and lethalities at level 3. There are many reasons for this belief, 
some philosophical, some mathematical. A full exposition of the rationale for making VL comparisons 
at level 3 is the subject of a future report by the author. 

Example 1. Comparison of Model Output With a Live Fire Shot 

This is an example of a classic problem: a model produces one output, while an actual shot produces 
a different output. The pertinent questions are, "What specifically is it that caused the model output to 
be different from the actual shot?" and "How ’close’ are the two results?" Given the fact that the two 
results are vectors in a closed vector space on which a suitable metric has been defined, the second 
question is easily answered by computing the distance between the two points. This raises yet another 
question, namely, "How close is ’close enough’?" At least a part of the answer lies in the causes for 
"incorrect" model output The VL process structure provides a clear audit trail for investigating such 
problems. 

Specifically, suppose one wishes to compare the outputs at level 2. One begins by ensuring that both 
the empirical and the analytical 012 mapping had the same domain point That is, the initial conditions 
for both "experiments" must have been identical. If they were not, one need only rerun the analytical 
experiment with the appropriate initial conditions and compare again with the empirical result. The next 
step is to see if the range points, or damage vectors, are a part of the same space VL2. That is, both 
damage vectors must be expressed at the same level and with the same granularity. This is actually a 
nontrivial point because of the subtleties involved in the damage assessment process. A short digression 
is in order. 

Frequently, the target damage assessment process results in a mix of information, some at level 2 and 
some at level 3. The classic example is boresight shift in a tank target. Boresight shift is a measure of 
the difference between the gun pointing angle and where the sight indicates the gun is pointing. Such 
shifts can occur because of thermal bending, ballistic shock, or physical deformation due to ballistic 
impact. Now, boresight shift is measured pre- and post-shot and recorded as a part of the damage 
assessment. But boresight shift is a capability, not a "damaged component." Thus, while broken sights, 
ruptured fuel cells, and the like are clearly level 2 entries in the post-shot record, boresight shift is a 
level 3 entry. Moreover, there may be no visible level 2 damage contributing to that boresight shift. In 
other words, a "perfect" analytical model may show as output (due, say, to ballistic shock) a slightly bent 





sight mount; that slight bend may be neither visible nor measurable in the field. Clearly, care must be 
taken to ensure that any differences observed between empirical and analytical results are not artifices of 
the manner in which the results are expressed. 

Once the initial conditions (domain points) are identical and the damage vectors are expressed at the 
same level and with the same granularity, any differences in range point (damage vector) are due to one 
of two possible characteristics of the 012 mapping: the natural variability of the physics of threat/target 
interaction or inaccuracies or deficiencies in the analytical description of that physics. While it may be 
difficult, in practice, to distinguish between these two possibilities, the first is a problem in statistics, and 
the second is a problem in physics. Adequacy of the algorithms for describing the damage due to 
penetration, spall, shock, fire, or toxic fumes must be examined, with due consideration given to the 
aforementioned variabilities. Riccochet, jet bifurcation, and other such phenomena must be adequately 
treated. The important point here is that, at this stage, it is clearly the level of understanding of the 
physical phenomena and their variability which is at the heart of empirical/analytical differences. That 
is, the problem is one of science, not misinterpretation or improper input/output comparisons. 

Note that precisely the same type of process applies when comparing outputs at level 3, where one 
is concerned with the domain and range of the 023 mapping and with the engineering aspects of target 
function. 

Example 2. Selection of Appropriate Shot Lines to Determine System Vulnerabilities 

There are two types of vulnerability problems which fall under this example: What is the vulnerability 
of system A to munition B? or. What is the vulnerability of subsystem C of system A to munition B? 
There are three ways to attempt to answer these questions: analytically, experimentally, or a combination 
of the two. The classical response to a proposed experimental solution is that one simply has insufficient 
threats, targets, or money to do all the shots necessary to determine the requisite vulnerabilities. This 
response, while doubtless true, is based on the assumption that large numbers of shots would be required, 
without actually having a sense of the order of magnitude of "large." Similarly, even given total 
confidence in a "perfect" analytical model, the prospect of running all possible shot lines (literally, an 
infinite number!) through a system is a daunting computer task. Moreover, were it possible to make this 
infinite number of computations, one needs to decide what sense to make of the infinity of individual 
results. 
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To view this problem in the context of the VL process structure, recall the mathematical notion of a 
basis for a vector space (see, for example, Greenberg [1978]): 


The set S of linearly independent vectors, S={Xl,X2,X3,...,Xm}, forms a basis for the 
space VLn if, and only if, every vector Y in VLn can be written as a linear combination 
of the vectors in the set S. That is, if Y is in VLn, then there exist constants 
al,a2,a3,...,am, such that Y=al*Xl+a2*X2+...+am*Xm. 


The set S is said to span the space VLn. Similar terminology pertains to subspaces. Now, if one is 
able to find a set (and there are, in general, many such sets) of basis vectors for VLn, then one need only 
generate analytical or empirical data along those basis vectors in order to determine all vectors in the 
space. 

While it may not be simple to distinguish physically realizable vectors from nonphysically realizable 
vectors generated this way, it is still possible to make generalizations about the class (space) of vectors 
as a whole. Moreover, while generating m shot lines analytically or empirically may still be costly at best 
or impossible at worst (since m may be countably infinite), there is at least an indication of how many 
and which shot lines are necessary to "solve" the problem. 

If the problem has to do with the vulnerability of a subsystem, such as hydraulics, then it is interesting 
to consider whether the "hydraulics vectors" form a closed subspace of VLn, at level 2 or level 3. More 
specifically, if VLn has vectors of the form 

X = (A,B,C,...,H1,H2,H3,J,K,...), 

where the HI, H2, and H3 are either hydraulics-related components or capabilities, then the set of vectors 
of the form 


H = (0,0,0,. ...H1 ,H2,H3,0,0,...) 

for all values of HI, H2, and H3 in the original VLn do indeed form a subspace, closed under addition, 
subtraction, and scalar multiplication. Thus, to look at the vulnerability of the hydraulics subsystem, one 
need acquire or generate data only for a set of basis vectors (in this simple example, only three are 
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needed) for the hydraulics subspace. The real value of this concept is demonstrated in Examples 3 
through 5 below. 


Example 3. Evaluation of Vulnerability Reduction Techniques 

One of the most difficult tasks facing a vulnerability analyst is to determine the relative efficacy of 
one vehicle configuration over another in terms of reducing vulnerability. The difficulty is caused by 
trying to compare damage or capability along "the same" shot line in two different vehicle configurations, 
since the shot line passes through different components in each version of the vehicle. Thus, for example, 
one vehicle version, say the XM9, may have a supposedly less vulnerable hydraulic system than does the 
XM8. The XM9’s hydraulic system may have entirely different components, located in an entirely 
different place, and with an entirely different functional connectivity than the hydraulic system in the 
XM8. Shot lines through the hydraulics of the XM8 may pass nowhere near the hydraulics of the XM9, 
so that "shooting the same shot lines" at both vehicles provides no basis for determining the efficacy of 
the "less vulnerable" XM9 hydraulics. 

Using the VL process structure, and in particular the hydraulics subspace of Example 2, the basis 
vectors for each hydraulics subspace can be generated, and the respective vulnerabilities can be 
determined. At this point, a suitable method for comparing the two "vulnerabilities" must be found. One 
such method is described in the next example. The important point here is that selecting the "shots" 
necessary to determine the complete solution to the problem can be done in a precise analytical fashion. 

Example 4. Comparison of the Vulnerabilities of Two Combat Systems to a Given 
Munition, or the Lethalities of Two Munitions Against a Given Combat System 


The first part of this example, comparing the effects of a munition on two different systems, is really 
identical to Example 3, but, in this case, one might have all subsystems of each vehicle being entirely 
different. To the extent to which the elements of the vectors in the space at the level chosen for 
comparison can be made identical for each vehicle, the vulnerabilities can be compared. For example, 
suppose the problem is to compare the vulnerabilities of two tanks A and B to a single threat munition, 
and this comparison is to be made at level 3. Since A and B are both tanks, they will certainly have a 
number of capabilities in common. If the analyst chooses the finest level of granularity for which both 
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A and B have identical elements in the vectors in their respective spaces VL3, then comparisons can be 
made just as in Examples 2 and 3. 

Suppose tank A has a turbine engine, while tank B has a piston engine. Clearly, one cannot use a 
level of granularity which contains piston ring capability or turbine blade capability. One could, however, 
use a level of granularity recognizing motive force. Note that in this manner of selecting the level of 
granularity, it is the accuracy of the (single) solution space which drives the analysis, and it is unnecessary 
to make an "apples-to-oranges" comparison between two different levels of granularity. One notes also 
that in the case of tanks A and B, it is a rather straightforward analytical process to make the comparison 
at level 3. At level 2, given the two different engines, no such comparison can be made. 

In the second type of problem, since there is but one target system, granularity of the spaces at any 
level may play a different role. In this case, while one still needs the granularity of the comparison spaces 
(one at the same level for each munition) to be the same, the level of granularity here depends on the 
nature of each munition’s damage mechanism. For example, a comparison of two blast munitions will 
probably require less detail about interior components (at level 2) than will, say, a comparison of two 
kinetic energy penetrators at that same level. Note, however, that comparisons made at level 3 will likely 
always use the same granularity of target capabilities. This fact would make comparison of a blast 
munition with a kinetic energy penetrator straightforward at level 3, while such comparison would be 
extremely difficult at level 2. 

The point of this example is that the best level at which to make comparisons of vulnerability or 
lethality is level 3, the capability state. 

Example 5. Evaluation of Surrogate Threat and/or Target Suitability 

As a final example, consider the problem of needing vulnerability information on a target and/or 
munition for which no data exists. A common approach in the situation is to assume that the target and/or 
the threat munition behave very much like some other target or munition about which vulnerability data 
exists. The question is, how close is (are) the surrogate(s) to the desired threat/target combination? One 
approach to this problem is to develop spaces at level 2 or level 3 which have a granularity consistent with 
the degree to which certain properties of the surrogated target or munition are known. For example, if 
the surrogated target is a tank, it must move, detect and acquire targets, shoot, and communicate, at a 
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minimum. The extent to which one can hypothesize similarities in the processes by which the surrogate 
performs these functions is one measure of the level of confidence one might have in using the surrogate 
in a vulnerability analysis. Note that here too, as in an earlier example, the granularity of the points in 
the spaces dictates the "accuracy" of the analysis. 

Having developed the spaces at the appropriate level and with the appropriate granularity, evaluation 
of the applicability of the surrogate target or munition is a matter of determining the distance between the 
vector from the surrogate and the actual target or munition. The most difficult part about such an 
evaluation is determining how close is close enough. 

7. CONCLUSIONS AND RECOMMENDATIONS 

It has been demonstrated that one can define metrizable vector spaces at each level in the VL process 
structure. Several examples have been given illustrating the utility of the mathematical structure as applied 
to classical problems in vulnerability analysis. These examples are intended as thought pieces; actual 
application of the concepts is far from trivial. Nevertheless, the potential for mathematical rigor is 
intriguing. Although little has been said in this report about the continuity of the 012 and 023 mappings, 
there is hope that one might be able to use the power of the theory of approximation of continuous 
functions to assess the "goodness" (that is, accuracy, sufficiency, etc.) of algorithms used in vulnerability 
analysis. It is also the author’s feeling that there are other, more powerful (in the sense of VL analysis) 
metrics which could be defined on the spaces, providing insights into the solutions of other significant 
problems. Clearly, much remains to be done. It is hoped that this report will generate thought, discussion, 
clarification, and expansion of these ideas. 
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2800 POWDER MILL ROAD 
ADELPHI MD 20783-1145 

1 COMMANDANT 

US ARMY LOGISTICS MANAGEMENT 
COLLEGE 

ATTN: AMXMC-LS-S/CPT(P) S PARKER 
FORT LEE VA 23801 

1 DIRECTOR 

COMBAT DEVELOPMENT 
USATSCH 

ATTN: COLE TONEY 
FT EUSTIS VA 23604 


3 DIRECTOR 

US ARMY RESEARCH OFFICE 
ATTN: SLCRO-MA/ 

DR J CHANDRA 
DR K CLARK 
DR WU 
POBOX 12211 

RESEARCH TRIANGLE PARK NC 
27709-2211 

1 COMMANDER 

US ARMY ARDEC 

ATTN: SMCAR-CCH-V/P GEMMILL 

PICATINNY ARSENAL NJ 07806-5000 

1 COMMANDER 

US ARMY ARDEC 

ATTN: SMCAR-FSS-E/I BROOKS 

PICATINNY ARSENAL NJ 07806-5000 

1 COMMANDER 

US ARMY ARDEC 

ATTN: SMCAR-TD/J KILLEN 

PICATINNY ARSENAL NJ 07806-5000 

1 COMMANDER 

US ARMY ARDEC 

ATTN: SMCAR-TDS/V LINDER 

PICATINNY ARSENAL NJ 07806-5000 

1 COMMANDER 

BELVOIR RESEARCH, DEVELOPMENT, AND 
ENGINEERING CENTER 
ATTN: STRBE-FC/A PATIL 
FORT BELVOIR VA 22060-5606 

1 COMMANDER 

BELVOIR RESEARCH, DEVELOPMENT, AND 
ENGINEERING CENTER 
ATTN: STRBE-JDA/M GOSS 
FORT BELVOIR VA 22060-5606 

1 COMMANDER/ USACECOM 

R&D TECHNICAL LIBRARY 
ATTN: ASQNC-ELC-IS-L-R/MYER CENTER 
FORT MONMOUTH NJ 07703-5000 
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DIRECTOR 

CENTER FOR NIGHT VISION AND 
ELECTRO-OPTICS 

ATTN: AMSEL-RD-NV-V/J PALMER 

AMSEL-RD-NV-D/DR R BUSER 
FORT BELVOIR VA 22060-5677 

COMMANDER 
US ARMY NGIC 
ATTN: AIFR/B RICH 
AIFRS/ 

T WALKER 
G SPENCER 
AIFRT/J KOSIEWICZ 
AIFRE/S EITELMAN 
220 SEVENTH ST NE 
CHARLOTTESVILLE VA 22901-5396 

COMMANDER 

USAMC 

ATTN: AMSMI-RD-GC-T/R ALONGI 
REDSTONE ARSENAL AL 35898-5000 

COMMANDER 

USAMC 

ATTN: AMSMI-RD-SS-AT/E VAUGHN 
REDSTONE ARSENAL AL 35898-5000 

COMMANDER 

USAMC 

ATTN: AMSMI-RD/J BRADAS 
REDSTONE ARSENAL AL 35898-5000 

COMMANDER 

USAMC 

ATTN: AMSMI-YTSD/G ALLISON 
REDSTONE ARSENAL AL 35898-5070 

COMMANDER 

USAMC 

ATTN: AMSMI-REX/W PITTMAN 
REDSTONE ARSENAL AL 35898-5500 

DIRECTOR 

US ARMY MISSILE AND SPACE 
INTELLIGENCE CENTER 
ATTN: AIMS-RT/P JORDAN 
REDSTONE ARSENAL AL 35898-5500 


1 DIRECTOR 

US ARMY MISSILE AND SPACE 
INTELLIGENCE CENTER 
ATTN: AIMS-YLD/V STALLCUP 
REDSTONE ARSENAL AL 35898-5500 

2 DIRECTOR 

US ARMY MISSILE AND SPACE 
INTELLIGENCE CENTER 
ATTN: AIMS-YRS/ 

T BLALOCK 
P KIRKLAND 

REDSTONE ARSENAL AL 35898-5500 

2 DIRECTOR 

US ARMY MISSILE AND SPACE 
INTELLIGENCE CENTER 
ATTN: AIMS-YRT/ 

F CLINE 
D SLAYMAKER 

REDSTONE ARSENAL AL 35898-5500 

1 DIRECTOR 

US ARMY MISSILE AND SPACE 
INTELLIGENCE CENTER 
ATTN: R SMITH 

REDSTONE ARSENAL AL 35898-5500 

1 COMMANDER 

US ARMY TACOM 

ATTN: AMCPM-BLK-m/COL DERRAH 
WARREN MI 48397-5000 

1 COMMANDER 

US ARMY TACOM 

ATTN: AMSTA-CK/M ERICKSON 

WARREN MI 48090 

1 COMMANDER 

US ARMY TACOM 

ATTN: AMSTA-CR/MR WHEELOCK 

WARREN MI 48397-5000 

1 COMMANDER 

US ARMY TACOM 

ATTN: AMSTA-CV/COL BECKING 

WARREN MI 48397-5000 
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2 COMMANDER 

US ARMY TACOM 
ATTN: AMSTA-NKS/ 

D CYAYE 
J ROWE 

WARREN MI 48397-5000 

2 COMMANDER 

US ARMY TACOM 
ATTN: AMSTA-RG/ 

RMUNT 
R MCCLELLAND 
WARREN MI 48397-5000 

2 COMMANDER 

US ARMY TACOM 
ATTN: AMSTA-RSC/ 

JBENNETT 
W MICK 

WARREN MI 48397-5000 

1 COMMANDER 

US ARMY TACOM 

ATTN: AMSTA-RSK/S GOODMAN 

WARREN MI 48090-5000 

1 COMMANDER 

US ARMY TACOM 
ATTN: AMSTA-RY/R BECK 
WARREN MI 48397-5000 

2 COMMANDER 

US ARMY TACOM 
ATTN: AMSTA-ZE/R ASOKLIS 
AMSTA-ZS/D REES 
WARREN MI 48397-5000 

1 OFFICE OF THE PEO/ 

ARMORED SYS MOD 
ATTN: SFAE-ASM-CV/B BONKOSKY 
WARREN MI 48397-5000 

1 COMMANDER 

HQ/TRADOC 

ATTN: ASSISTANT DEPUTY CHIEF OF 
STAFF FOR COMBAT 
OPERATIONS 

FORT MONROE VA 23651-5000 


1 COMMANDER 
TRADOC 

ATTN: ATAN-AP/M MURRAY 
FORT MONROE VA 23651-5143 

1 DIRECTOR 

US ARMY COLD REGIONS RESEARCH 
AND DEVELOPMENT LAB 
ATTN: TECHNICAL DIRECTOR/L LINK 
72 LYME RD 
HANOVER NH 03755 

1 USACE 

ASSISTANT DIRECTOR/R&D DIRECTORATE 
ATTN: BBENN 
20 MASSACHUSETTS AVE NW 
WASH DC 20314-1000 

1 COMMANDER 

US ARMY OPERATIONAL TEST AND 
EVALUATION AGENCY 
ATTN: MG STEPHENSON 
4501 FORD AVE 
ALEXANDRIA VA 22302-1458 

1 COMMANDER 

US ARMY OPERATIONAL TEST AND 
EVALUATION AGENCY 
ATTN: LTCG CRUPPER 
4501 FORD AVE #870 
ALEXANDRIA VA 22302-1435 

1 COMMANDER 

US ARMY VULNERABILITY ASSESSMENT 
LAB 

ATTN: SLCVA-CF/G APODACA 
WSMRNM 88002-5513 

2 DIRECTOR 
TRAC-WSMR 

ATTN: ATRC-RD/MCCOY 

ATRC-WEC/P SHUGART 
WSMRNM 88002-5502 

2 US GENERAL ACCOUNTING OFFICE 
PROGRAM EVALUATION AND 
METHODOLOGY DIVISION 
ATTN: RORWIN 

J SONNEFELD 
RM 5844 
441 G ST NW 
WASH DC 20548 
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1 DIRECTOR 

US ARMY MODEL IMPROVMENT AND 
STUDY MANAGEMENT AGENCY 
ATTN: SFUS-MIS/E VISCO 
1900 HALF STREET SW RM L101 
WASH DC 20324 

2 DIRECTOR 

US ARMY INDUSTRIAL BASE ENGINEERING 
ACTIVITY 
ATTN: AMXIB-MT 

AMXIB-PB/S MCGLONE 
ROCK ISLAND IL 61299-7260 

3 DIRECTOR 

US ARMY ENGINEER WATERWAYS 
EXPERIMENT STATION 
ATTN: WESEN/ 

DR V LAGARDE 
W GRABAU 
WESEN-C/D MEEKER 
PO BOX 631 

VICKSBURG MS 39180-0631 

1 US ARMY ENGINEER TOPOGRAPHIC LABS 

ATTN: TECHNICAL DIRECTOR/W BOGE 
FORT BELVOIR VA 22060-5546 

1 COMMANDER 

CARDEROCK DIVISION 
NAVAL SURFACE WARFARE CENTER 
ATTN: CODE 1702/R WUNDERLICK 
BETHESDAMD 20084-5000 

1 COMMANDER 

CARDEROCK DIVISION 
NAVAL SURFACE WARFARE CENTER 
ATTN: CODE 1740.2/F FISCH 
BETHESDAMD 20084-5000 

1 DIRECTOR 

LAWRENCE LIVERMORE NATIONAL LAB 
ATTN: M WILKINS/L-3321 
PO BOX 808 
LIVERMORE CA 94551 


3 DIRECTOR 

LOS ALAMOS NATIONAL LAB 
ATTN: MS 985/D NELSON 
MS F600/G TIETGEN 
MS G787/T PHILLIPS 
PO BOX 1663 
LOS ALAMOS NM 87545 

1 SANDIA NATIONAL LABS 

ORG 2300 

ATTN: R ANDREAS/DIRECTOR 
PO BOX 5800 

ALBUQUERQUE NM 87185-5800 

1 DIRECTOR 

SANDIA NATIONAL LABS 
DIVISION 1611 
ATTN: T JAMES 
ALBUQUERQUE NM 87185 

1 DIRECTOR 

SANDIA NATIONAL LABS 
DIVISION 1623 
ATTN: L HOSTETLER 
ALBUQUERQUE NM 87185 

1 DIRECTOR 

SANDIA NATIONAL LABS 
ATTN: G RICHTER 
PO BOX 969 
LIVERMORE CA 94550 

1 COMMANDER 

US NAVAL AIR SYSTEMS COMMAND 
JTCG/AS CENTRAL OFFICE 
ATTN: 5164J/J JOLLEY 
WASH DC 20361 

1 COMMANDER 

US NAVAL AIR SYSTEMS COMMAND 
ADR PROGRAM MANAGER 
CODE AIR-411121 
ATTN: T FURLOUGH 
WASH DC 20361-4110 


1 COMMANDER 

US NAVAL OCEAN SYSTEMS CENTER 
ATTN: E SCHWEIZER/CODE 000 
SAN DIEGO CA 92151-5000 
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COMMANDER 

DAHLGREN DIVISION 

US NAVAL SURFACE WARFARE CENTER 

ATTN: CODE G13/T WASMUND 

DAHLGREN VA 22448-5000 

COMMANDER 

DAHLGREN DIVISION 

US NAVAL SURFACE WARFARE CENTER 

ATTN: CODE G102/G HORNB AKER 

DAHLGREN VA 22448-5000 

COMMANDER 

DAHLGREN DIVISION 

US NAVAL SURFACE WARFARE CENTER 

ATTN: CODE J33/G WILLIAMS 

DAHLGREN VA 22448-5000 


1 NAVAL POSTGRADUATE SCHOOL 

DEPARTMANT OF AERONAUTICS AND 
ASTRONAUTICS 
ATTN: PROFESSOR R BALL 
MONTEREY CA 93943 

1 NAVAL POSTGRADUATE SCHOOL 

DEPARTMENT OF COMPUTER SCIENCE 
ATTN: DR M ZYDA/CODE 52 
MONTEREY CA 93943-5000 

1 COMMANDER 

NAVAL AIR SYSTEMS COMMAND 
ATTN: P WEINBERG 
JTCG/AS5 
AIR-516J5 

WASH DC 20361-5160 


COMMANDER 

US NAVAL SURFACE WARFARE CENTER 
ATTN: F FASSNACHT/CODE N15 
N HOLLAND/CODE R-14 
01901 NEW HAMPSHIRE AVE 
SILVER SPRING MD 20903-5000 

COMMANDER 

US NAVAL SURFACE WARFARE CENTER 
ATTN: M TIMO 
10509 EDGEFIELD DR 
ADELPHI MD 20783-1130 

COMMANDER 

US NAVAL WEAPONS CENTER 
ATTN: CODE 3951/ 

J BUTTERWORTH 
DR H WANG 
BLDG 1400/RM B20 
CHINA LAKE CA 93555 

COMMANDER 

US NAVAL WEAPONS CENTER 
ATTN: D HALL/CODE 3181 

M ALEXANDER/CODE 3894 
M KEITH/CODE 35104 
T HORTON/CODE 3386 
R COX/CODE 3517 
CHINA LAKE CA 93555-6001 

COMMANDER 

US NAVAL CIVIL ENG LABORATORIES 
ATTN: J FERRITTO/CODE L53 
PORT HUENEME CA 93043 


1 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: W BOYCE/CODE 56Y52 
WASH DC 20362 

1 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: G BROOME 
SEA 5011 

2521 JEFFERSON DAVIS HIGHWAY 
ARLINGTON VA 22202 

1 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: PCOVICH 
SEA 55X 

WASH DC 20362-5101 

2 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: CPT C CALVANO USN 
RKEANE JR 

SEA 50 

WASH DC 20362-5101 

2 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: OBRAXTON 

D EWING/CODE 503 
2521 JEFFERSON DAVIS HIGHWAY 
ARLINGTON VA 22202 


31 








NO. OF 

COPIES ORGANIZATION 


NO. OF 

COPIES ORGANIZATION 


1 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: A JOHNSON 
SEA 05R2 

WASH DC 20362-5101 

1 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: CPTWMAHEWUSN 
PMS 423 

WASH DC 20362-5101 

1 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: C POHLER/CODE 05R23 
WASH DC 20362-5101 

1 COMMANDER 

US NAVAL SEA SYSTEMS COMMAND 
ATTN: CPT R PERCIVAL USN 
SEA 05T 

2521 JEFFERSON DAVIS HIGHWAY 
ARLINGTON VA 22202 

1 COMMANDER 

US SPACE AND NAVAL WARFARE 
SYSTEMS COMMAND 
ATTN: P WESSEIVCODE 30T 
WASH DC 20363-5100 

1 OFFICE OF NAVAL TECHNOLOGY 

ATTN: D SIEGEL 
800 N QUINCY STREET 
ARLINGTON VA 22217-5000 

1 AD/ENL 

ATTN: R STOVALL 
EGLINAFBFL 32542 

2 AFATIVAGA 
ATTN: L JONES 

M PHIPPS 

EGLINAFBFL 32542 

1 WL/MNMW 

ATTN: J COLLINS 
EGLINAFBFL 32542 

1 COMMANDER 

AFEWC/SAXE 
ATTN: BEDDY 
KELLY AFBTX 78243-5000 


1 COMMANDER 

AFWAL/AARA 
ATTN: EZELANO 
WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 
AFWAL/FTES 
ATTN: J HODGES SR 
WRIGHT-PATTERSON AFB OH 45433-6523 

2 COMMANDER 
AFWAL/MLTC 

ATTN: LT R CARRINGER 
DJUDSON 

WRIGHT-PATTERSON AFB OH 45433-6533 

2 COMMANDER 

ASB/XRM 

ATTN: G BENNETT 
M LENTZ 

WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 

WRDC/AARA 
ATTN: M BRYANT 
WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 

FTD/SDMBA 
ATTN: C DARNELL 
WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 

FTD/SDMBU 
ATTN: K NELSON 
WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 

FTD/SQDRA 
ATTN: G KOESTERS 
WRIGHT-PATTERSON AFB OH 45433-6508 

1 COMMANDER 

FTD 

ATTN: T REINHARDT 
WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 

FTD/SDAEA 
ATTN: JSUGRUE 

WRIGHT-PATTERSON AFB OH 45433 
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1 COMMANDER 

AFWAL/AARA 
ATTN: VVELTON 
WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 

FTD/SQDRA 
ATTN: L WRIGHT 
WRIGHT-PATTERSON AFB OH 45433 

1 COMMANDER 

AD/CZL 

ATTN: J HEARD 
EGLIN AFB FL 32542-5000 

1 COMMANDER 

AD/ENYW 

ATTN: J RICHARDSON 
EGLIN AFB FL 32542-5000 

1 COMMANDER 

AIR FORCE ARMAMENT LAB 
ATTN: AFATL/DLY/J FLINT 
EGLIN AFB FL 32542-5000 

1 COMMANDER 

US ARMY NGIC/CA3 
ATTN: S MINGLEDORFF 
220 SEVENTH AVE 
CHARLOTTESVILLE VA 22901-5396 

1 COMMANDER 

US ARMY NGIC (UK) 

ATTN: MAIN WILLIAMS 
220 SEVENTH AVE 
CHARLOTTESVILLE VA 22901-5396 

1 COMMANDER 

US ARMY NGIC 
ATTN: DR T SMALL 
220 SEVENTH AVE 
CHARLOTTESVILLE VA 22901-5396 

1 DIRECTOR 

DEFENSE INTELLIGENCE AGENCY 
ATTN: DIW-4B3/JAY HAGLER 
WASH DC 20340-6763 

1 DIRECTOR 

US ARMY TRADOC ANALYSIS COMMAND 
ATTN: ATRC 
WSMRNM 88002-5502 


1 DIRECTOR 

US ARMY TRADOC ANALYSIS COMMAND 
ATTN: ATRC-LS/MR GREENHILL 
FORT LEE VA 23801-6140 

1 COMMANDER 

US ARMY COMBINED ARMS COMBAT 
DEVELOPMENT ACTIVITY 
ATTN: ATZL-CAI-S/MRS DURKES 
FORT LEAVENWORTH KS 66027-5300 

1 COMMANDER 

US ARMY COMBINED ARMS TRAINING 
ACTIVITY 

ATTN: ATZL-TAS-P/MAJ SMITH 
FORT LEAVENWORTH KS 66027-7000 

1 COMMANDANT 

US ARMY AIR DEFENSE ARTILLERY 
SCHOOL 

ATTN: ATSA-DTN-SY 
FORT BLISS TX 79916-7090 

1 COMMANDANT 

US ARMY AIR DEFENSE ARTILLERY 
SCHOOL 

ATTN: ATSA-CDC 
FORT BLISS TX 79916-7090 

1 COMMANDANT 

US ARMY ARMOR SCHOOL 

ATTN: ATSB-CD 

FORT KNOX KY 40121-5215 

1 COMMANDANT 

US ARMY CHEMICAL SCHOOL 
ATTN: ATZN 

FT MCCLELLAN AL 30205-5020 

1 COMMANDANT 

US ARMY FIELD ARTILLERY SCHOOL 

ATTN: ATSF 

FORT SILL OK 73503-5600 

1 COMMANDER 

US ARMY JOHN F KENNEDY SPECIAL 
WARFARE CENTER AND SCHOOL 
ATTN: ATSU-CD 
FORT BRAGG NC 28307-5000 
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1 COMMANDANT 

US ARMY ORDNANCE MISSILE AND 
MUNITIONS CENTER AND SCHOOL 
ATTN: ATSK-CD 

REDSTONE ARSENAL AL 35897-6500 

1 COMMANDER 

US ARMY SIGNAL CENTER AND FORT 
GORDON 

ATTN: ATZH-CDC 

FORT GORDON GA 30905-5000 

1 ASSISTANT COMMANDANT 

USATSCH 
ATTN: ATSP-CDC 
FORT EUSTIS VA 23601-5393 

1 COMMANDER 

HQ US ARMY AVIATION CENTER AND 

FORT RUCKER 
ATTN: ATZQ-CDC 
FORT RUCKER AL 36362-5000 

1 COMMANDER 

HQ US ARMY AVIATION CENTER AND 

FORT RUCKER 
ATTN: ATZQ-TDS-SM 
FORT RUCKER AL 36362-5000 

1 DIRECTOR 

US ARMY CONCEPTS ANALYSIS 
AGENCY 

8120 WOODMONT AVE 
BETHESDA MD 20814-2797 

2 INSTITUTE FOR DEFENSE ANALYSIS 

(IDA) 

ATTN: I KAUFMAN 
A KRESSE 

1801 N BEAUREGARD ST 
ALEXANDRIA VA 22311 

1 INSTITUTE FOR DEFENSE ANALYSIS 

ATTN: C KOSSACK 
1055 ATHENS WAY 
SUN CITY FL 33570 

1 INSTITUTE FOR DEFENSE ANALYSIS 

ATTN: DR N SUBRAMONIAN 
14309 HOLLYHOCK WAY 
BURTONS VELLE MD 20866 


2 ADPA 

ATTN: D ALEXANDER 
B KING 

TWO COLONIAL PLACE/SUITE 400 
2101 WILSON BLVD 
ARLINGTON VA 22201-3061 

1 ARC PROFESSIONAL SERVICES GROUP 
ATTN: A GRITZKE 

5501 BACKLICK RD 
SPRINGFIELD VA 22151 

2 AERO CORPORATION 
ATTN: DECCLES 

G SNYDER 
PO BOX 92957/M4/913 
LOS ANGELES CA 90009 

1 AFELM/THE RAND CORPORATION 
ATTN: LIBRARY-D 

1700 MAIN ST 

SANTA MONICA CA 90406 

2 AIR FORCE WRIGHT AERONAUTICAL LABS 
ATTN: CDJ/ 

CPT JOST 
J FAISON 

WRIGHT-PATTERSON AFB OH 45433-6523 

1 ALLIANT TECHSYSTEMS INC 
SYSTEMS AND RESEARCH CENTER 
ATTN: HATEMNASR 

PO BOX 1361 
MINNEAPOLIS MN 55418 

2 ALLIANT TECHS YSTEMS INC 
ATTN: R BURG 

L DILLWAY 
MN38-4000 

10400 YELLOW CIRCLE DR 
MINNETONKA MN 55343 

I ANALYSIS AND TECHNOLOGY 

ATTN: RADM/T HOPKINS 
1113 CARPER ST 
MCLEAN VA 22101 

1 ARMORED VEHICLE TECHNOLOGIES 

ATTN: C EDWARDS 
PO BOX 2057 
WARREN MI 48090 
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1 ASI SYSTEMS INTERNATIONAL 
ATTN: DR M STAMATELATOS 
3319 LONE JACK RD 
ENCINITAS CA 92024 

I BATTELLE 

TWSTIA 
505 KING AVE 
COLUMBUS OH 43201-2693 

1 BATTELLE 

ATTN: DR R THATCHER 
505 KING AVE 
COLUMBUS OH 43201-2693 

1 BATTELLE 

ATTN: B TULLINGTON 
1300 N 17TH ST/ SUITE 1520 
ARLINGTON VA 22209 

1 BATTELLE 

EDGEWOOD OPERATIONS 
ATTN: R GOLLY 
2113 EMMORTON PARK RD 
EDGEWOOD MD 21040 

1 THE BDM CORPORATION 

ATTN: EDORCHAK 
7915 JONES BRANCH DR 
MCLEAN VA 22102-3396 

1 BELL HELICOPTER TEXTRON 

ATTN: J JOHNSON 
PO BOX 482 

FORT WORTH TX 76101 

3 BMY DIVISION OF HARSCO 

ATTN: W WAGNER JR 
R JENKINS 
EMAGALSKI 
PO BOX 1512 
YORK PA 17404 


1 BOEING AEROSPACE 

ATTN: DR R CHIAVETTA 
MS 8K17 
PO BOX 3999 
SEATTLE WA 98124-2499 

1 BOEING MILITARY AIRPLANES 

ATTN: MS K80-08/J WHITE 
PO BOX 7730 
WICHITA KS 67277-7730 

1 BOOZ-ALLEN AND HAMILTON INC 
ATTN: DR R BENJAMIN 

SUITE 131/4141 COLONEL GLENN HIGHWAY 
DAYTON OH 45431 

2 BOOZ-ALLEN AND HAMILTON INC 
ATTN: J VICE 
WRDC/FIVS/SURVIAC 

BLDG 45/AREA B 

WRIGHT-PATTERSON AFB OH 45433-6553 

1 JOHN BROWN ASSOCIATES 

ATTN: DR J BROWN 
PO BOX 145 

BERKELEY HEIGHTS NJ 07922-0145 

1 CHAMBERLAIN 

ATTN: M SACKETT 
PO BOX 2545 
WATERLOO IA 50704 

1 COMMANDER 

COMBINED ARMS COMBAT DEVELOPMENT 
ATTN: ATZL-CAP/LTC MORRISON 
FORT LEAVENWORTH KS 66027-5300 

1 COMMANDER 

COMBINED ARMS COMBAT DEVELOPMENT 
ATTN: ATZL-HFM/D SKELTON 
FORT LEAVENWORTH KS 66027-5300 


1 BOARD ON ARMY SCIENCE AND 
TECHNOLOGY 

NATIONAL RESEARCH COUNCIL 
RMMH 280 

2101 CONSTITUTION AVE NW 
WASH DC 20418 


1 COMPUTER SCIENCES CORPORATION 
INTEGRATED SYSTEMS DIVISION 
ATTN: ALEE 

9668 HIGHWAY 20 WEST/SUITE 1 
MADISON AL 35758 
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1 CRS SIRRINE INC 
ATTN: DR J SMITH 
PO BOX 22427 

1177 WEST LOOP SOUTH 
HOUSTON TX 77227 

2 CYPRESS INTERNATIONAL 
ATTN: A CAPONECCHI 

JLOGAN 

1201 E ABINGDON DR 
ALEXANDRIA VA 22314 

1 COMMANDER 

NAVAL SURFACE WARFARE CENTER 
ATTN: UERD/CODE 177/R FUSS 
PORTSMOUTH VA 23709-5000 

1 COMMANDER 

CARDEROCK DIVISION 
NAVAL SURFACE WARFARE CENTER 
ATTN: CODE 1210/S GOLDSTEIN 
BETHESDA MD 20084-5000 

1 COMMANDER 

US ARMY NUCLEAR AND CHEMICAL 
COMMAND 

ATTN: MONA-CM/J WALTERS 
7500 BACKLICK RD/BLDG 5073 
SPRINGFIELD VA 22150-3198 

10 CIA 

OIR/DB/STANDARD 
GE47 HQ 
WASH DC 20505 

1 ASSISTANT DEPUTY UNDER 

SECRETARY OF THE NAVY 
ATTN: F CROWSON 
CRYSTAL PLAZA 5/RM 162 
2211 JEFFERSON DAVIS HIGHWAY 
ARLINGTON VA 22202 

6 ARPA 

ATTN: B BANDY 
DR R KAHN 
P LOSLEBEN 
FPATTEN 
DR REYNOLDS 
COL J THORPE 
3701 NORTH FAIRFAX DR 
ARLINGTON VA 22203-1714 


1 DEFENSE NUCLEAR AGENCY 

STRUCTURAL DYNAMICS SECTION 
ATTN: T TSAI 
WASH DC 20305 

1 DENVER RESEARCH INSTITUTE 

ATTN: LULLY ATT 
BW 228 

2050 E ILIFF AVE 
DENVER CO 80208 

1 EICHELBERGER CONSULTING COMPANY 

ATTN: DR R EICHELBERGER PRESIDENT 
409 WEST CATHERINE ST 
BEL AIR MD 21014 

1 ELECTRONIC WARFARE ASSOCIATES INC 

ATTN: W CHIARAMONTE 
2071 CHAIN BRIDGE RD 
VIENNA VA 22180 

1 EMPRISE LTD 

ATTN: B ARMENDT JR 
201 CRAFTON RD 
BEL AIR MD 21040 

1 ENVIRONMENTAL RESEARCH INSTITUTE 

OF MICHIGAN 
ATTN: KAUGUSTYN 
PO BOX 134001 
ANN ARBOR MI 48113-4001 

1 E-OIR MEASUREMENTS INC 

ATTN: R MOULTON 
PO BOX 3348 COLLEGE STATION 
FREDRICKSBERG VA 22402 

1 ERIM 

ATTN: S STEWART 
EXPLOITATION APPLICATIONS 
DEPARTMENT 

IMAGE PROCESSING SYSTEMS DIVISION 
PO BOX 8618 

ANN ARBOR MI 48107-8618 

1 USA ETL IAG 

ATTN: J CAMPBELL 

BLDG 2592 RM S16 

FORT BEL VOIR VA 22060-5546 
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FMC CORPORATION 
ATTN: S KRAUS 
1105 COLEMAN AVE BOX 1201 
SAN JOSE CA 95108 


GENERAL DYNAMICS CORPORATION 
ATTN: MZ-2650/D BERGMAN 
PO BOX 748 

FORT WORTH TX 76101-0748 


FMC CORPORATION 
ATTN: R BECK 
881 MARTIN AVE 
SANTA CLARA CA 95052 


GENERAL MOTORS CORPORATION 
RESEARCH LABS 
ATTN: JBOYSE 
WARREN MI 48090 


BDM INTERNATIONAL 
ATTN: S CHURCH FX2B307 
7915 JONES BRANCH DR 
MCLEAN VA 22102-3396 

BDM INTERNATIONAL 
ATTN: T HOOKER FF2B304 
7915 JONES BRANCH DR 
MCLEAN VA 22102-3396 

FMC CORPORATION 
NAVAL SYSTEMS DIVISION 
ATTN: MK-45/R ELLIS 
4800 EAST RIVER RD 
MINNEAPOLIS MN 55421-1498 

FMC CORPORATION 
NORTHERN ORDNANCE DIVISION 
ATTN: M3-11/B BROWN 
4800 EAST RIVER RD 
MINNEAPOLIS MN 55421-1498 

FMC CORPORATION 

ORDNANCE ENGINEERING DIVISION 

ATTN: H CROFT 

M HATCHER 

1105 COLEMAN AVE BOX 1201 
SAN JOSE CA 95108 

GE AIRCRAFT ENGINES 
ATTN: DR R DUNN 
ONE NEUMANN WAY MD J185 
CINCINNATI OH 45215-6301 

GENERAL DYNAMICS LAND SYSTEMS 
ATTN: MZ-4362055/G JACKMAN 
PO BOX 2074 
WARREN MI 48317 


1 ALLISON GAS TURBINE DIVISION 
GENERAL MOTORS CORPORATION 
ATTN: J MACBAIN PHD SUPERVISOR 
LOW OBSERVABLES TECHNOLOGY 
PO BOX 420 SPEED CODE W-16 
INDIANAPOLIS IN 46206-0420 

1 CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LAB 
ATTN: D LEWIS 
4800 OAK GROVE DR 
PASADENA CA 91109 

1 KAMAN SCIENCES CORPORATION 

ATTN: T PENDERGRASS 
600 BLVD SOUTH SUITE 208 
HUNTSVILLE AL 35802 

1 KETRON INC 

ATTN: RBENNETT 

901 DULANEY VALLEY RD SUITE 220 

BALTIMORE MD 21204-2600 

1 LOGISTICS MANAGEMENT INSTITUTE 

ATTN: E SIMMS JR 
6400 GOLDSBORO RD 
BETHESDA MD 20817-5886 

1 MARTIN MARIETTA AEROSPACE 

ATTN: MP-113/D DORFMAN 
PO BOX 555837 
ORLANDO FL 32855-5837 

1 MCDONNELL DOUGLAS ASTRONAUTIC 

ATTN: N LOUIE 
5301 BOLSA AVE 
HUNTINGTON BEACH CA 92647 

1 MCDONNELL DOUGLAS INC 

ATTN: D HAMILTON 
PO BOX 516 
ST LOUIS MO 63166 
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1 MCDONNELL DOUGLAS INC 

ATTN: A PARKER 
3855 LAKEWOOD BLVD MC 35-18 
LONG BEACH CA 90846 

1 NFK ENGINEERING INC 

ATTN: DR M PAKSTYS 
4200 WILSON BLVD 
ARLINGTON VA 22203-1800 

1 NASA-AMES RESEARCH CENTER 

ATTN: DR A WOO 
MS 227-2 

MOFFETT FIELD CA 94035-1000 

1 NASA-AMES RESEARCH CENTER 

ATTN: L PRESLEY 
MS 227-4 

MOFFETT FIELD CA 94035-1000 

1 NAVIR DEVCON 

ATTN: F WENOGRAD/CODE 6043 
WALMINSTOR PA 18974 

1 OKLAHOMA STATE UNIVERSITY 

COLLEGE OF ENGINEERING/ 
ARCHITECTURE AND TECHNOLOGY 
ATTN: T BROWDER JR 
PO BOX 1925 
EGLIN AFB FL 32542 

1 ROME AIR DEVELOPMENT CENTER 

ATTN: RADC/IRRE/P COSTIANES 
GRIFFIS AFB NY 13441-5700 

1 ROME AIR DEVELOPMENT CENTER 

RADC/OCTM 
ATTN: E STARCZEWSKI 
BUILDING 106 
GRIFFIS AFB NY 13441-5700 

1 SAIC 

ATTN: DRATOEPFER 
2301 YALE BLVD SE 
ALBUQUERQUE NM 87106 

1 SAIC 

ATTN: T KELLER 

SUITE 200 1010 WOODMAN DR 

DAYTON OH 45432 


1 GEORGE SHARP COMPANY 

ATTN: D MCCARLEY 
2121 CRYSTAL DR SUITE 714 
ARLINGTON VA 22202 

1 SEDWELL-ROSS AND ASSOCIATES INC 

ATTN: LTG M ROSS USA (RET) 

EXECUTIVE VICE PRESIDENT 
PO BOX 88531 
ATLANTA GA 30338 

1 SIGMA RESEARCH INC 

ATTN: DRRBOSSI 
4014 HAMPTON WAY 
KENT WA 98032 

1 SOUTHWEST RESEARCH INSTITUTE 

ATTN: MGOLAND 
PO DRAWER 28255 
SAN ANTONIO TX 78228-0255 

1 SPARTA INC 

ATTN: D MCKINLEY 
4901 CORPORATE DR 
HUNTSVILLE AL 35805-6201 

1 SRI INTERNATIONAL 

ATTN: D CURRAN 
333 RAVENSWOOD AVE 
MENLO PARK CA 94025 

1 STAR LAB/STANFORD UNIVERSITY 

ELECTRICAL ENGINEERING DEPARTMENT 
ATTN: DR J GOODMAN 
233 DURAND BLDG 
STANFORD CA 94305-4055 

1 TASC 

ATTN: R KINSLER 

1992 LEWIS TURNER BLVD 

FORT WALTON BEACH FL 32548-1255 

1 TASC 

ATTN: COL J LOGAN (RET) 

1101 WILSON BLVD 
SUITE 1500 

ARLINGTON VA 22209 
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TELEDYNE BROWN ENGINEERING 
ATTN: J WOLFSBERGER JR 
CUMMINGS RESEARCH PARK 
PO BOX 070007 
HUNTSVILLE AL 35807-7007 

UNITED TECHNOLOGIES CORPORATION 
ADVANCED SYSTEMS DIVISION 
ATIN: R HOLMAN 
PO BOX 109600 

WEST PALM BEACH FL 33410-9600 

THE JOHNS HOPKINS UNIVERSITY 
APPLIED PHYSICS LAB 
ATTN: JFLUSS 
JOHNS HOPKINS RD 
LAUREL MD 20707 

LTV MISSILES AND ELECTRONICS GROUP 
ATTN: R MELIN 
PO BOX 650003 
MS EM-36 

DALLAS TX 75265-0003 

WACKENHUT APPLIED TECHNOLOGIES 
CENTER 

ATTN: R CARPENTER 
10530 ROSEHAVEN ST 
SUITE 500 

FAIRFAX VA 22030-2877 

WESTINGHOUSE 
ATTN: HKLOEHN 
BOX 1693 
MS 8530 

BALTIMORE MD 21203 

SURVICE ENGINEERING 
ATTN: JFOULK 
G LARGE 
G GILLS 
K KELLER 
SUITE 103 

1003 OLD PHILADELPHIA RD 
ABERDEEN MD 21001 

GEORGIA INSTITUTE OF TECHNOLOGY 

ATTN: DR R MOORE 

ECSLEME 

ERB BLDG RM 111 

ATLANTA GA 30332 


1 GEORGIA INSTITUTE OF TECHNOLOGY 

ATTN: DR L G CALLAHAN JR 
SCHOOL OF INDUSTRIAL & SYSTEMS 
ENGINEERING 
765 FERST DR 
ATLANTA GA 30332-0385 

1 MR ABRAHAM GOLUB/ 

DA CONSULTANT 
203 YOAKUM PARKWAY/APT 607 
ALEXANDRIA VA 22304 

1 MR DAVE HARDISON/ 

ASB CONSULTANT 
3807 BENT BRANCH RD 
FALLS CHURCH VA 22041 

1 MR WILLIAM M HUBBARD/ 

ASB CONSULTANT 
613 EASTLAKE DR 
COLUMBIA MO 65203 

1 MR CHARLES E JOACHIM/ 

DA CONSULTANT 
PO BOX 631 
VICKSBURG MS 39180 

1 DR EDWARD R JONES/ 

DA CONSULTANT 
9881 WILD DEER RD 
ST LOUIS MO 63124 

1 MG ROBERT KIRWAN USA (RET)/ 

DA CONSULTANT 
10213 GROVEWOOD WAY 
FAIRFAX VA 22032 

1 DIR TEXCOM FSTP 

ATTN: STE-TFS-Z/D KREJCAREK 
FT SILL OK 73503-6100 

1 MR ROBERT B KURTZ/ 

DA CONSULTANT 
542 MERWINS LANE 
FAIRFIELD CT 06430-1920 

1 LTG H LEAF USAF (RET) 

8504 BROOK RD 
MCLEAN VA 22101 
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DR ROY A LUCHT 
GROUP M-B MS J960 
LOS ALAMOS NM 87545 

MR DONALD F MENNE/ 

DA CONSULTANT 
617 FOXCROFT DR 
BEL AIR MD 21014 

CINCINNATI MAILACRON INC 
ATTN: MR RICHARD C MESSINGER 
VICE PRESIDENT AND CHIEF TECHNICAL 
OFFICER 

CINCINNATI OH 45209 

COLEMAN RESEARCH CORPORATION 
ATTN: GEN GLENN OTIS USA (RET) 

5950 LAKEHURST DR 
ORLANDO FL 32819 

MG PETER G OLENCHUK USA (RET)/ 
BAST CONSULTANT 
6801 BARON RD 
MCLEAN VA 22101 

MR ALBERT E PAPAZONI/ 

DA CONSULTANT 
1600 SURREY HILL DR 
AUSTIN TX 78746-7338 

HARRY REED SR/ 

BATTELLE CONSULTANT 
138 EDMUND ST 
ABERDEEN MD 21001 

DR A E SCHMIDLIN/ 

DA CONSULTANT 
28 HIGHVIEW RD 
CALDWELL NJ 07006-5502 

MR ROBERT G S SEWELL 
1236 MT WHITNEY LANE 
RIDGECREST CA 93555 

MEMEX INC 
ATTN: C SMITH 
550 CALIFORNIA AVE #210 
PALO ALTO CA 94306 


1 MR ARTHUR STEIN/ 

BAST CONSULTANT 
30 CHAPEL WOODS CRT 
WILLIAMSVILLE NY 14221-1816 

1 DR DORA STROTHER/ 

ASB CONSULTANT 
3616 LANDY LANE 
FORT WORTH TX 76118 

1 MR CHARLES F TIFFANY 

9 WESTERLY LANE 
CENTERVILLE OH 45458 

ABERDEEN PROVING GROUND 

10 DIR USAMSAA 

ATTN: AMXSY-A/W CLIFFORD 
AMXSY-C/A REID 
AMXSY-CR/M MILLER 
AMXSY-CS/P BEAVERS 
AMXSY-G/ 

J KRAMAR 
G COMSTOCK 
AMXSY-GA/W BROOKS 
AMXSY-J/A LAGRANGE 
AMXSY-L/J MCCARTHY 
AMXSY-RA/R SCUNGIO 

5 CDR USATECOM 

ATTN: AMSTE-CG 

AMSTE-TA-IV 
A YANKOLONIS 
N HARRINGTON 
S GRILL 

AMSTE-TC-C/R COZBY 

1 CDR CBDA 

ATTN: SCBRD-RTC/P GRASSO 

4 CDR USAOC&S 

ATTN: ATSL-DES 

ATSL-DTD-CM 

ATSL-CD-TE 

ATSL-CD-BDAR/HOY 
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S POLYAK 
L ROACH 

J WALBERT (10 CPS) 

W WARFIELD 
E WEAVER 

AMSRL-SL-BE-S/R MEYERS 
AMSRL-SL-BG/ 

J ABELL 
D KIRK 
B WARD 
AMSRL-SL-BS/ 

R GROTE 
J JACOBSON 
T KLOPCIC 
J MORRISSEY 
D PETTY 

AMSRL-SL-C/W HUGHES 
AMSRL-SL-CB/D BAYLOR 
AMSRL-SL-CS/D FARENWALD 
AMSRL-SL-E/G MARES 
AMSRL-SL-ES/K MORRISON 
AMSRL-SL-EV/J MINJARES 
AMSRL-SL-I/ 

E PANUSKA 
M STARKS 
A YOUNG 
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USER EVALUATION SHEET/CHANGE OF ADDRESS 

This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your 
comments/answers to the items/questions below will aid us in our efforts. 

1. ARL Report Number ARL-TR-634 _Date of Report November 1994 _ 

2. Date Report Received_ 

3. Does this report satisfy a need? (Comment on purpose, related project, or other area of interest for 

which the report will be used.)_ 



4. Specifically, how is the report being used? (Information source, design data, procedure, source of 
ideas, etc.)_ 



5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved, 
operating costs avoided, or efficiencies achieved, etc? If so, please elaborate._ 



6. General Comments. What do you think should be changed to improve future reports? (Indicate 
changes to organization, technical content, format, etc.)_ 



Organization 
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